Introduction
Precocious puberty (PP) is defined as the early onset of puberty with the appearance of secondary sexual characteristics before nine years of age in boys and eight years of age in girls (1) .
Paleontological data about the Neolithic age suggests that puberty occurred early in females. This was an evolutionary advantage given the short lifespan during that era, because they were able to reach reproductive capacity quickly. There was an increase in population density and deterioration in hygiene conditions in the period before the Industrial Revolution. This resulted in a delay in the age of menarche, which is the most prominent sign of puberty in females. During the years from the Industrial Revolution to the mid1900s, the menarche age started occurring earlier most likely due to improved environmental conditions, reduced rates of contagious diseases and easier access to food (2) .
Herman-Giddens et al. (3) analyzed the results of a study performed by North Carolina University (Maternal and Child Health, Public Health School) using the Pediatric Research in Office Settings network and investigating the pubertal development of 17.077 girls between 3-12 years of age. A study in our country reported the prevalent rate of PP in girls between 4-8 years of age was 4.3% (4) . It was reported that breasts began to develop and pubic hair began to appear at earlier ages than reported in previous studies of American girls (10.0 years for Caucasian American girls and 8.9 years for Afro -American girls). However, the age of onset for menarche did not change (12.8 years and 12.1 years, respectively). Copenhagen Puberty Research reported a reduction in the age of puberty by up to 12 months in girls from Denmark (5) . However, the hypotheses concerning the timing of adolescence are controversial with evidence suggesting that environmental factors play a role in the onset of puberty. Buck Louis et al. (6) reviewed the literature and defined environment as "the sum of all external factors that affect the life, development and survival of an organism". A more extended definition describes environmental factors as non-inheritable factors. Current studies focus on body measurements, nutritional habits and duration of exposure to endocrine impairing chemicals that affect the timing of puberty (7) .
Diet is one of the most important factors affecting pubertal development. An adequate, balanced and healthy diet is necessary for all stages of growth and for normal pubertal development. Excessive consumption of processed, high-energy and high-fat food can lead to obesity and PP. Overweight and obese children enter puberty at earlier ages (8) .
The aim of this study is to identify the food-related and environmental risk factors that affect the development of PP and to determine their relationship with nutrition in girls that presented to the child endocrinology clinic with signs of PP or who were previously diagnosed with PP and are being monitored.
Materials and Methods

Plan and Methods
Place of Study and Sample Selection
This study included 50 girls aged 2-8 years who presented to the University of Health Sciences, Ankara Child Health and Diseases Hematology Oncology Research and Training Hospital, Department of Pediatric Endocrinology with signs of PP or who had previously been diagnosed with PP. Approval was obtained from the Local Ethics Committee (approval no: 2017/095).
Data Collection
Data for the study group was collected using a structured questionnaire. The questionnaires were filled in by the researcher during one-on-one interviews with the children's parents. The questionnaire provided information about the children's demographic characteristics, their nutritional habits (skipping meals and the reasons for this, consumption of fast food and how often, their most preferred food), information about their health status, and daily food consumption using a 24-hour-recall technique.
Assessment of Dietary Intake and Frequency of Fast Food Consumption
A photographic atlas of food portion sizes was used as a reference in creating a food consumption record using the 24-hour-recall technique in order to determine the girls' nutritional status and their daily levels of energy intake and food consumption (9) . Using the 24-hour-recall method, their parents were asked to write down on pre-prepared forms all the food consumed by their daughters over the previous 24 hours.
The frequency table for daily food consumption and fast food consumption recorded the frequency at which the girls consumed food and beverages as follows: daily, 5-6 days a week, 3-4 days a week, 1-2 days a week, once every two weeks, once a month, infrequently and never.
Anthropometric Measurements
The girls' height (cm), weight (kg), waist circumference (cm), upper mid-arm circumference (cm) and skin fold thickness (mm) were measured and recorded on the Anthropometric Measurements Record Form. The anthropometric measurements were taken in the morning while fasting after the girls' shoes and outer clothing were removed. Body weights were measured using SECA brand scales and recorded in kilograms. Height measurements were made with the help of a portable height measuring bar while the girls stood against a wall with their feet together and their heads oriented in the Frankfort plane (eye triangle and ear auricle aligned parallel to the ground). The body mass index (BMI) z-scores determined by age and gender were calculated with the World Health Organization Anthroplus program using the data obtained from the girls' body mass and height measurements. Those who rated +1 SD to +2 SD were considered "slightly overweight" while those rated +2 SD to +3 SD were considered "overweight" and those of +3 SD or higher were considered "extremely overweight" (10) . Consent form was filled out by all participants.
Statistical Analysis
The data obtained using the questionnaire were analyzed using the SPSS package program. The food consumption data obtained using the 24-hour-recall method were broken down into nutrient content values using standard meal recipes.
The average daily nutrient amounts per individual were entered into the BEBIS program (11) in order to determine the daily consumption of energy and nutrients. The data obtained were evaluated with respect to the Recommended Dietary Allowances (RDA) (12, 13) . The intersection points in the evaluation were calculated as recommended daily intake levels [(2/3=67%)±33%]. Consumption of energy and nutrients at 67-133% of RDA was accepted as adequate, <67% was accepted as inadequate and >133% as high. The Student's t-test was used to compare the means between the normally distributed variables in two groups, while the one-way ANOVA test was used to compare the normally distributed variables between three or more groups. Statistical analyses were evaluated at 95% confidence value with p<0.05 being considered significant.
Results
This study included 50 girls aged 2-8 years who presented to the University of Health Sciences, Ankara Child Health and Diseases Hematology Oncology Research and Training Hospital, Department of Pediatric Endocrinology with PP symptoms or who had previously received a PP diagnosis. The mean age of the girls was 7.1±0.9 years. There was a significant difference in mean age of the girls in relation to their mothers' education levels (p<0.05).
According to BMI z scores, 62.0% of the children were overweight (≥+1 SD), 34.0% were normal (≥+1 SD -<+1 SD) and 4.0% were underweight. In percentile terms 60.0% were overweight (≥85 th percentile), 36.0% were normal (≥15 th -<85 th percentile) and 4.0% were underweight (<15 th percentile) (Table I) . In this study, 82% of girls with signs or symptoms of PP or who had been given a PP diagnosis reported that they did not engage in any regular physical activity (PA). The girls engaging in regular PA was 18% which percentage engaged in daily PA was 33.3% and engaged in regular PA 3-4 days a week was 66.7%. Activity was seen to decrease as age increased (p<0.05).
When the girls' meal arrangements are examined, it can be seen that 84.0% consume three main meals and three snacks every day, 92.0% do not eat at night while 60.0% eat a final meal/snack between 8.00 and 10.00 p.m. It was determined that 58.0% of the children eat their lunch in 20-30 minutes. Body weight was reported as having increased (64%), decreased (6%) or remained unchanged (30%) over the previous six months.
Some characteristics of the girls with regard to fast food consumption are given in Table II. 64.0% of the girls consumed fast food infrequently, 20.0% consumed fast food 1-2 days per week, 4.0% consumed fast food every day and 12.0% never consumed any fast food.
The fast food types most preferred by the girls are shown in Table III .
According to this, hamburgers (20.3%), pita-lahmacun (11.9%) and grilled chicken in bread (11.3%) were the top three favorite fast foods.
When the energy and nutrients that the girls receive daily are examined according to the reference intervals, it can be seen that 74.0% receive sufficient energy and their intake of carbohydrates (66.0%), calcium (48.0%), folate (58.0%) and vitamin B 6 (46.0%) are also sufficient. Their dietary intake of protein (68.0%), vitamin A (50.0%), vitamin C (44.0%) and vitamin B 12 (52.0%) are higher than recommended. Iron intake was found to be insufficient in 54.0% of the girls (Table IV) .
An examination of other environmental factors that might be instrumental in the development of PP revealed that 32.0% of the girls used perfumes or skin creams. Plastic culinary utensils were used in 56.0% of their homes, 64% of them had a cigarette smoker at home, while some mothers consumed cigarettes (16%) and alcohol (2%) during pregnancy. Analysis of the time spent in front of the television (TV) revealed that the overweight girls watched TV Koç et al. Carbonated beverage --for less than an hour a day (76.9%), 2-3 hours a day (11.7%) and 3-4 hours a day (11.2%) with no statistical difference found between them (p>0.05). It was determined that they watched TV mostly at night and that most of them watched TV series.
Nutrition in Precocious Puberty
Discussion
The age at which puberty begins varies depending on genetic features, nutritional status, obesity, stress and environmental factors (14) . Signs of puberty are manifesting earlier in children these days and the number of patients presenting to endocrinology clinics due to and diagnosed with PP has also increased. The aim of this study was to identify the nutritional and environmental risk factors affecting PP and to determine if there was any relationship between nutritional habits and children who presented to pediatric endocrinology clinics with signs and symptoms of PP or who had been previously diagnosed with PP. Puberty refers to a developmental period of rapid and profound change (15) . Clinically speaking, puberty in girls is defined as the first appearance of the mammary buds (16) . PP is defined as the appearance of secondary sexual characteristics in girls before eight years of age (17) . This study included 50 girls aged 2-8 who presented with signs or symptoms of PP or who had previously been diagnosed with PP. Their mean age was 7.1±0.9 years. The mean age of the children increased significantly as the education level of their mothers increased (p<0.05).
The normal age range for the onset of puberty in girls was 8-13 according to cross-sectional data in the 1960s. In Turkish society, the age of onset of puberty was reported to be 10.1±1.0 years for girls (18) . Cross sectional data obtained in the United States (US) and Europe in the last two decades report that pubertal milestones are being reached earlier in both sexes (3, (19) (20) (21) .
The signs of PP are advanced bone age, accelerated growth and increased body weight (22) . Some modifiable factors such as dietary habits and high adiposity play important roles in the development of PP (23) (24) (25) . Accordingly, going by their BMI z-scores, (≥+1 SD) 62.0% of the girls were overweight [60% according to percentile values (≥85 th percentile)]. A childhood obesity study in our country (26) showed that 21.2% of children aged 7-8 were overweight-obese according to BMI z-scores. This suggests that girls in our country are in a risk group for PP. Girls and boys who take part in intense PA and exercise were found to have lower BMI and body fat percentage values and later onset of puberty (27) . A study involving 3.206 subjects in Colombia detected that menarche age was delayed in girls who perform PA for two hours or more a day (28) . In this study, only 18% of the girls with PP were reported as undertaking regular PA. Promoting PA for children with the goal of establishing it as a lifestyle is very important for their general health, psychological status and socializing skills. Specifically, increasing the number of hours for physical education in schools and using these hours actively may help to decrease obesity.
Nutrition is an important factor affecting the timing of puberty. While no single factor is thought to be solely effective, it is believed that the presence of multiple factors can influence the timing of puberty (29) . Excessive nutrition and obesity are thought to trigger the onset of puberty. Nutritional status during childhood is thought to be 25% responsible for the early onset of puberty (30) . The data obtained during this study from the girls with signs and symptoms of PP and girls who had PP diagnosis showed that 84% regularly consumed three main meals and three snacks a day. Ashwell (31) reported that 13.6% of the girls between 6-11 years of age did not eat breakfast. In this study, only 3% skipped breakfast because they did not want to have breakfast. In fact, a good breakfast reduces the consumption of snacks and energy rich food and therefore helps to manage the body weight of girls with PP who are undergoing treatment. It takes 20 minutes for the body to feel sated. Therefore, when food is eaten quickly more food is consumed during this time (32, 33) . In this study, 58.0% of girls took 20-30 minutes to eat their meals. This could create a negative situation in that too much food could be eaten during this time.
It is reported that inadequate and unbalanced nutrition, processed foods and the consumption of foods with high fat and sugar contents may be the cause of the increased incidence in childhood obesity recently and the early onset of puberty in girls (34) . One study demonstrated that children are encouraged to consume cheap, easily available snacks that have high energy density and low nutrient values, and that this puts children at risk of early puberty (35) . In this study, 20% of the girls with the signs and symptoms of PP or with a PP diagnosis consumed fast food one or two days a week and 64% consumed fast food infrequently (Table II) . The most commonly preferred fast foods by the girls were high energy foods such as hamburger (20.3%), lahmacun (11.9%), chicken doner kebab (11.3%), pizza (9.4%), meat doner kebab (7.8%), grilled toast and melted cheese (7.2%), bread rings (7.2%), pastries (5.9%), french fries (5.6%) and shish kebab (4.7%) (Table III) .
There is evidence to suggest that the consumption of animal proteins during childhood may be related to PP. A study of children aged 3-8 years in the US found correlations between the consumption of whole animal proteins and early menarche and Age of Peak Height Velocity (APHV) (36) . In another study, the consumption of whole and animal-derived protein by 112 boys and girls aged 5-6 years was associated with menarche in girls and voice change in boys. That same study found a link between protein from cow's milk and other dairy products and early pubertal growth and APHV (37) . While some studies have suggested a link between animalderived protein sources and early sexual development, other studies have reported a link between the consumption of plant-based protein sources in childhood and the late onset of puberty. For example, analyses in a study made by Dortmund Nutritional and Anthropometric Longitudinal Design showed that children whose plant-based protein intake was in the lowest one third had earlier APHV than children whose intake was in the highest one third (37) . Similarly, Berkey et al. (36) demonstrated a positive correlation between plant-based protein intake and menarche and APHV. The girls in this study consumed a mean of 50.9±20.4 g total protein, 33±18.9 g animal protein and 17.9±6.8 g plant-based protein daily with diet. The mean protein percentage of the daily diet is 15.2±4.1. 68% of the girls consumed more than the required amount of protein and 28% consumed sufficient amounts of protein.
The girls' protein consumption was slightly higher than the recommended limits. The interaction with PP may be due to micronutrients, mycotoxins or drugs in the feed given to the animals that provide the protein source.
Previous research on dietary fat and the age of menarche reported a positive relationship between the consumption of fat containing polyunsaturated fatty acids and early menarche and a negative relationship between the consumption of fat containing saturated fatty acids and early menarche (36, 38, 39) . The mean daily fat consumption of the girls in this study was 61.9±21.7 g with 40.1±8.4 g of daily energy being derived from fat. In this study, the percentage of fat-derived energy in daily energy intake was high. It is important that mono and polyunsaturated fats instead of saturated fats are promoted and that they are consumed at the recommended levels. This may prevent both obesity and other health problems associated with obesity.
Kissinger and Sanchez (40) found a positive and statistically significant relationship between iron intake and the age of menarche in 230 girls in the US. Maclure et al. (38) demonstrated that in children with sufficient total energy intake, an increase in vitamin A intake had a strong association with early menarche. In this study, the girls' average daily calcium intake was 634.2±319.2, iron intake was 7.3±2.7 mg and vitamin A intake was 1.080.6±1.829.9 mg. A randomized study of 144 Swiss girls reported that girls who received calcium supplements between 7.9-8.9 years of age reached menarche earlier than girls who did not receive calcium supplements (41) . In our study, 48.0% of the girls received adequate amounts of calcium, 54% received inadequate amounts of iron and 50% received excessive amounts of vitamin A. Animal-derived protein sources should be promoted in order to increase children's iron intake while milk and dairy products should be promoted in order to increase calcium intake.
Bisphenol A (BPA), an estrogenic compound used in food and beverage packaging, has been associated with late puberty in several studies. Phthalates, which are used for food packaging, have been associated with early menarche in girls (42) . An analysis of 2003-2010 National Health and Nutrition Examination Survey data on 987 adolescent girls aged 12-19 years found that girls with moderate BPA levels were less likely to experience early menarche than girls with low BPA levels. They suggested that BMI may have changed the relationship between menarche and BPA (43) . A cross-sectional study investigated the associations between exposure to phthalate and sexual maturation in 725 girls aged 6-19 years in Denmark. The researchers found that the girls in the highest quarter for exposure to mono-n-butyl phthalate + mono-isobutyl phthalate and monobenzyl phthalate reached stage 2 of pubic hair development at a later age than girls in the lower quarters (44) .
In this study, 56% of their parents reported using plastic culinary utensils at home. 60.0% of the children drink water out of plastic bottles, 6.0% rarely do so and 34.0% do not. 70.0% of the families used plastic bottles/jugs for water consumption. Most of the families used high amounts of plastic products and packaged products. An analysis of the consumption of snack foods revealed that 98% of the girls did not consume these products. These endocrine spoilers stimulate the hypothalamo-hypophyseal-gonadal axis and cause shifts in the age of puberty. For this reason, parents should be informed about this topic. In short, we suggest that materials used for food packaging should be health-friendly and should not cause health problems.
Time spent in front of visual media like TV, computers, tablets etc. is an important risk factor for obesity. Also, the visual and sexual content of the programs watched may accelerate the puberty process and may cause emotional confusion with respect to sexuality (45) . Analysis of the time spent in front of the TV revealed that the overweight girls watched TV for less than an hour a day (76.9%), 2-3 hours a day (11.7%) and 3-4 hours a day (11.2%) with no statistical difference found between them (p>0.05).
Study Limitations
The small number of subjects due to the limited time period is one of the factors that limited our work. Moreover, the use of a control group in addition to a study group would have made the study's results more significant and accurate. In order for future studies examining the effects of nutrition on puberty to give more significant results, study groups should be divided into newly diagnosed patients and followup patients because once diagnosis has been made, the families' awareness increases resulting in changes to their children's dietary habits.
Conclusion
Changing lifestyles and habits in all aspects of society have led to an increase in the number of children with PP. In girls with PP, particularly when they are treated for more than a year, the importance of maintaining the ideal bodyweight should be emphasized. Consistent nutritional training, methods to increase the intensity and duration of PA and maintaining regular meal times are important factors in the dietary management of obesity. Physicians should monitor these children regularly and give nutritional counseling. Since children use their parents as role models, the girls' nutritional habits are also similar to their parents' habits. In order to advance the age of puberty, families should be educated about their children's nutritional habits and PA status. Advising girls with PP to modify their eating habits such as having breakfast, eating less food at mealtimes and eating more slowly is important in that it prevents obesity by promoting healthy eating habits.
Further research with a larger cohort is required to determine the effects of nutrition on puberty. Informed Consent: Consent form was filled out by all participants.
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